Abstract. The densely populated city of Thessaloniki (Northern Greece) is situated in the vicinity of active seismic faults, capable of producing moderate to strong earthquakes. The city has been severely affected by such events several times during the last 15 centuries. The most recent event occurred on 20 June 1978 (M6.5) in the Mygdonian graben, with an epicentral distance of about 30 km, causing extended damage in the city, with macroseismic intensities between MSK V+ and VIII+. The majority of buildings affected by the earthquake were of reinforced-concrete typology, typical to many southern European metropolitan areas. The source properties of the normal-faulting causative event and the source-to-city propagation path are well known from previous studies. The soil structure under the metropolitan area of Thessaloniki is assigned NEHRP categories B, C, D on the basis of geotechnical and geologic information and single-station ambient-noise measurements. A finite source model and various rupture scenarios of the June 1978 earthquake are used to perform forward stochastic modeling of strong ground motion in terms of peak ground and spectral acceleration. Rock motion is assessed under the city and it is transferred to the surface in accordance with the respective soil category. A GIS tool is employed to compare the estimated strong-motion parameters with the observed detailed damage pattern induced by the 1978 earthquake. For selected natural periods, a satisfactory correlation is established between macroseismic intensity and peak ground and spectral acceleration, thus encouraging the application of stochastic modeling for generating realistic ground-shaking scenarios in metropolitan areas.
Introduction
The city of Thessaloniki in Northern Greece, the second largest city in terms of population after the capital Athens, was the first urban area in Greece to be hit by a strong earthquake in modern times. The earthquake occurred on 20 June 1978 (20:03:21 GMT; M6.5; 40.73 • N, 23.25
• E) at an epicentral distance of 30 km to the east of Thessaloniki and demonstrated the vulnerability of a modern city. An eight-storey reinforcedconcrete building collapsed in the city center, causing 37 deaths out of 47 in total from the main shock. Overall, 4000 buildings suffered serious, 13000 intermediate and 49000 only slight damage. No loss of life in the villages near the epicenter was reported. Figure 1 shows the location of the city and the causative fault.
Systematic processing of damage distribution within the city of Thessaloniki has been attempted in the past relying on statistical treatment of loss assessment in terms of repairing cost (Penelis et al., 1985; Kappos et al., 1991) as well as by means of questionnaires (Leventakis, 2003) . Seismic-intensity data derived on the basis of questionnaires are rather easy to obtain and can be used for advanced studies of seismic-source properties, propagation-path characteristics and site effects, as well as for comparative studies involving other seismological data (Ohta et al., 1985) .
In this paper we use stochastic finite-source modeling Atkinson, 1997, 1998 ) to simulate ground motion (peak-ground and spectral acceleration) and retrospectively predict the spatial distribution of the damage (macroseismic intensity) in the urban area of Thessaloniki. First, ground motion on rock (assumed here to be soil category B after NEHRP) is assessed under the city. Surface ground motions are then calculated at various locations by applying amplification factors corresponding to the respective soil categories. A GIS tool is finally employed to facilitate the comparison of the estimated ground-motion parameters with the observed detailed damage pattern, in term of macroseismic intensity, due to the June 20, 1978 earthquake.
Stochastic approach for ground motion simulation
There is a plethora of approaches to ground motion simulation, including pure deterministic (e.g. Hartzell, 1978; Irikura, 1983) , stochastic (Boore 2003 and references therein) and hybrid ones (e.g. Kamae et al., 1998; Pitarka et al., , 2002 . Among the diverse available methods for strong ground motion simulation we chose to use the stochastic method for finite-faults as suggested by Beresnev and Atkinson (1997) . The specific method was chosen for the simplicity of its input parameters and its proven applicability to strong ground motion simulation (usually throughout the frequency range of engineering interest: 0.1 -20 Hz) in diverse seismotectonic environments (e.g. Berardi et al., 2000; Beresnev and Atkinson, 2001a,b; Castro et al., 2001; Hough et al., 2002; Iglesias et al., 2002; Erdik and Durukal, 2003; Roumelioti and Beresnev, 2003; Singh et al., 2003; Roumelioti et al., 2004; Castro and Ruiz-Cruz, 2005) . For a detailed discussion about the advantages of using the stochastic method for finite-faults even in comparison with deterministic and hybrid methods the reader is referred to the work of Motazedian and Atkinson (2005) .
In the stochastic modeling technique Atkinson 1997, 1998) , the Fourier amplitude spectrum of a seismic signal, A(ω), is represented as the product of a spectrum, S(ω), that accounts for the effects of the seismic source and several other filtering functions that represent the effects of the propagation path and the recording site. If the receiver installation site can be characterized as hard rock, the shear-wave acceleration spectrum is given by:
where ω is the angular frequency, R is the hypocentral distance, Q is the quality factor introduced to account for the regional inelastic attenuation, and β is the shear-wave velocity. The filtering function P (ω) is used for the commonly observed spectral cutoff above a certain frequency ω m . This phenomenon is either attributed to the processes that take place at the source during the occurrence of an earthquake (Papageorgiou and Aki, 1983; Papageorgiou, 1988) or to the high-frequency attenuation by the nearsurface weathered layers (Hanks, 1982; Anderson and Hough, 1984; Beresnev and Atkinson, 1997; Theodulidis and Bard, 1998) . Here P (ω) has the form of the fourth-order Butterworth filter:
The function S(ω) is calculated as the product of a certain deterministic function (usually the ω −2 model), which defines the average shape and amplitude of the spectrum, and a stochastic function (e.g., the Fourier spectrum of windowed Gaussian noise) that accounts for the realistic random character of the simulated ground motion. The extension of the stochastic model to the finite-fault case requires transformations of the theoretical expressions that have been proposed for point sources to account for the finite dimensions of the sources that produce large earthquakes. The fault plane is discretized into a certain number of equal rectangular elements (subfaults) with dimensions l × w. Each subfault is then treated as a point source with an ω −2 spectrum, and can be fully defined by two parameters: the seismic moment, m 0 , and the corner frequency, f c , of the subfault spectrum. The connection between these two parameters and the finite dimensions of the subfaults is established through two coefficients, σ and κ, respectively. In detail, assuming the simple case for which l = w, the subfault moment, m 0 , can be determined from the following relation:
where σ is a stress parameter, most closely related to the static stress drop (Beresnev and Atkinson, 1997) . σ relates the subfault moment to its finite dimensions. On the other hand, κ relates the subfault spectrum corner frequency, f c , to its finite dimensions, through the relation:
where β is the shear-wave velocity. The parameter κ actually controls the level of high-frequency radiation in the simulated time history and is equal to:
where y is the ratio of rupture velocity to shear wave velocity and z is linked to the maximum rate of slip, v m , on the fault plane through the equation:
where e is the base of the natural logarithm and ρ is the density. The value of z depends on a convention in the definition of the rise time as it is introduced in the exponential functions that describe the ω −2 model and for standard conventions z = 1.68 Atkinson, 1997, 1998) . Due to the uncertainties involved in the definition of z, its value is allowed to vary through a parameter called sfact, practically a 'free' parameter during the implementation of the method.
Results on rock sites

Source and propagation-path properties
With respect to the city of Thessaloniki, the earthquake of 20 June, 1978 (M6.5) can be considered as an intermediate-field event (R ∼30 km). The event has been extensively studied (Soufleris and Stewart, 1981; Soufleris et al., 1982; Papazachos and Carydis, 1983; Stiros and Drakos, 2000; Tranos et al., 2003 and references therein) . The mainshock was clearly produced by the rupture of a normal fault (see Table I for parameters) along WNW-ESE striking planes (273 -287
• ) and dipping to the NNE with dip angles ranging from 43
• to 55
• . The fault-length estimates vary between 16 and 35 km, the fault width is ∼17 km from aftershock activity and seismic source studies. Soufleris and Stewart, 1981; Barker and Langston, 1981, Soufleris et al., 1982; Kulhanek and Mayer, 1981; CMT Harvard. We calculate a subsurface rupture length of 23.5 km and down-dip rupture width of 13.5 km using the relations valid for normal faulting earthquakes (Wells and Coppersmith, 1994) . These values are also comparable to the ones predicted by global scaling relations applicable to normal faulting in continental areas (Papazachos et al., 2004) and to the model of unilateral and bilateral rupture hypothesis lengths (Soufleris et al., 1982) . The fault length of ∼24 km we assume is shorter than that obtained from 3 months of aftershock activity, which varies from 28 to 35 km. However, this is to be expected as late aftershock activity spreads out in both fault edges enlarging its length, apart from the fact that aftershocks diffuse in nearby faults as well. The rupture width we adopt, ∼14 km, is also ∼25% smaller than the 17 km of previous estimates (Soufleris and Stewart, 1981; Soufleris et al., 1982) . In those studies, it is asserted that a down-dip length of 17 km is the maximum likely and may be an overestimate as it assumes that the rupture reached the surface, where faulting was small and discontinuous. Moreover, by assuming aftershocks hypocenter depths in the range from about 2 to 12 km and an average dip angle of about 45
• , a fault width of 14 km results. For our calculations, the propagation path characteristics, namely the Qp and Qs values in layers between the causative fault and the affected city, are of the form Q = 100f 0.8 (Hatzidimitriou, 1993 (Hatzidimitriou, , 1995 . Figure 2 gives a schematic representation of the causative normal fault of the 20 June, 1978 event as used in the strong-motion simulations. Based on the relation log l = −2 + 0.4 M (Beresnev and Atkinson 1999) , the fault plane was divided in 5 × 3 sub-faults along length and width, respectively. Parameter sfact was taken equal to 1.5-a value corresponding to an average obtained from a large number of forward simulations (Beresnev and Atkinson, 2001a,b) , which has also been used successfully for normal fault rupture simulations in Greece (Roumelioti et al., 2004) . To cover all possible rupture scenarios, six rupture-initiation points were considered, covering almost every reasonable possibility. Rupture initiation in the upper 4 km part of the fault was not taken as a possible scenario since hypocenter depth estimates vary from 6 to 11 km (see Table I ). Furthermore, to incorporate the uncertainty due to the lack of information about the slip distribution during the modeled earthquake, we examined 30 random slip distributions. Therefore, the synthetic strong-motion parameter values presented in this study correspond to the means of the results of 30 × 6 (random slip distribution scenarios × tested rupture initiation points) simulations. The grid points where forward modeling values were estimated are included between 40.52
• N to 40.77
• N and 22.83
• E to 23.09
• E. Grid spacing was taken 0.5 km × 0.5 km. 3.2. Peak ground and spectral acceleration specified at rock sites
In Figure 3 , the simulation results on rock (site class B) are given as contour lines in terms of peak ground acceleration (PGA) and spectral acceleration (PSA) for natural periods equal to 0.2, 0.6, and 1.0 sec, respectively, using the stochastic method, source and propagation-path properties as given in Tables I and II . Simulated values of PGA on rock throughout the study area vary from 0.215 to 0.08 g, of PSA (T = 0.2 sec) from 0.45 to 0.17 g, of PSA (T = 0.6 sec) from 0.27 to 0.12 g and of PSA (T = 1.0 sec) from 0.13 to 0.06 g. From the spatial distribution of strong ground motion it is evident that attenuation rate is decreasing from high frequencies (ratio of lower to higher strong motion value =1:2.7) to lower frequencies (1:2.2) as it was expected from empirical spectral acceleration attenuation relations applicable to Greece (Theodulidis and Papazachos, 1994) . In order to examine uncertainties of the simulated values on rock, variation of standard deviation-as percentage of the mean PGA-with mean PGA is shown in Figure 4 . For PGA values less than 0.2 g standard deviation fluctuates between 19% and 25% of the mean PGA. But for higher PGA values it increases for the examined area up to 33%, reflecting the near field effects. It is clear that synthetic values carry inherently the uncertainty due 
Equal to: source duration (τ ) for R ≤40 km and to τ + 0.05R for R ≥40 km Slip distribution model Random to the insufficient knowledge of parameters such as the exact location of the rupture initiation point and the distribution of slip on the fault plane. That is the reason why standard deviation increases geometrically at higher PGA levels, that is, at sites closer to the causative fault.
Results on soil sites
Site soil characterization
There are several approaches to site soil characterization based mainly on geological, geotechnical, and geophysical data coming from in situ or/and in laboratory experiments. The aim of our effort was to characterize Thessaloniki metropolitan area according to NEHRP soil categories. For the largest part of the metropolitan area of Thessaloniki a big amount of such data have been published during the last 30 years (among others; Tsotsos and Pitilakis, 1986; Tsotsos and Zissis-Tegos, 1986; Pitilakis et al., 1992; Anastasiadis et al., 2001; RISK-UE Report, 2003) . To extend our knowledge mainly for the northern and southeastern part of the metropolitan area of Thessaloniki ( Figure 5 ), where geotechnical/geophysical information was sparse or inadequate, we additionally utilized all available geological and geotechnical information (IGME, 1978; Geotech. Engin. Div. Report, 1985; IGME, 1998) In order to better qualitatively evaluate and check NEHRP's site soil characterization as mentioned above, we performed ambient noise measurements of 20 min duration each in the northern and southeastern part of the metropolitan area of Thessaloniki ( Figure 5 ). The (H/V) spectral ratio technique was used to obtain relevant 'transfer function' (e.g., Nakamura, 1989; Field and Jacob, 1993; Lachet and Bard, 1994; Lermo and Chavez-Garcia, 1994) .
Ambient noise data were processed in two stages. First, for each ambient noise recording, a number of windows, having a duration of 20 sec each, were selected using the 'window selection' module of the JSESAME software (Atakan et al., 2004a,b; Theodulidis et al., 2004; SESAME project, 2005) , in order to exclude portions with unrealistically large amplitudes or spikes, as has been also suggested by Duval et al. (2004) . Using the 'H/V processing' module of the JSESAME software, the ambient noise data were processed as follows: (a) offset correction, (b) computation of Fourier spectra in all three components (E-W, N-S, UP), (c) application of a cosine taper, (d) smoothing of the Fourier amplitude spectra by a Konno-Ohmachi algorithm (Konno and Ohmachi, 1998) . For each frequency point the horizontal recording spectrum was divided by the vertical one, separately for the two horizontal components, in order to detect any significant difference between the EW/V and NS/V spectral ratios.
The (H/V) spectral ratios were grouped in two categories, namely, rock (soil class B) and stiff soil (soil class C), where the vast majority of ambient noise measurements were performed (Figures 6 and 7) . Since for soil class D there are only three sites adjacent with soil class C, corresponding (H/V) ratios are not presented herein. In Figure 6 , it can be clearly observed that there is no visible concentration of peaks with amplitude greater than 2 for frequencies less than about 2 Hz. The majority of spectral ratios are flat thus indicating lack of site effects, which in turn means a 'rock' site. On the contrary, in Figure 7 the majority of spectral ratios with amplitudes ranging from about 2 to 8 show a fundamental peak concentration at frequencies less than 1.5 Hz, thus indicating a site effect potential that may be attributed to stiff or even soft soil categories. These results supplementary support the soil classification according to NEHRP's B, C, D soil categories.
4.2. Peak ground and spectral acceleration specified at soil sites By using the corresponding amplification factors (NEHRP, 1994), we computed strong ground motion for soil types C and D in terms of PGA, PSA(0.2 sec), PSA(0.6 sec), and PSA(1.0 sec) (Figure 8 1 -8 4 ) . In the same set of figures, we also plotted the respective ground-motion estimates obtained by employing the site amplification factors proposed by Anastasiadis and Klimis (2002) for soil types C and D for input motion given at soil category B. These amplification factors were determined on the basis of 1D modeling of well-documented soil profiles by using synthetic and recorded accelerograms relevant to the seismotectonic environment of Greece. In this work, we intend to apply NEHRP's seismic provisions with respect to amplification factors as well as regional dependent amplification factors proposed for Greece by Anastasiadis and Klimis (2002) [hereafter A-K], and compare ground motion results based on these two categories of amplification factors. The final aim is to correlate results from both approaches with observed macroseismic intensities in the metropolitan area of Thessaloniki and examine whether correlation is satisfactory. In maps of Figure 8 1 -8 4 distribution PGA and PSA (T = 0.2, 0.6, 1.0 sec) is presented. It is observed in Figures 8 1 and 8 2 that results based on NEHRP's amplification factors for soil category D are quite similar to those based on A-K for soil category C. According to NEHRP, amplification factors at short periods (≤0.3 sec) and relatively low level of shaking intensity (< 0.2 g) for soil category D are comparable with amplification factors for soil category C proposed by A-K (see Figure 10 of their paper). On the other hand, again according to NEHRP for shaking intensity around 0.2 g, at short periods amplification factors for soil category C are similar with those of A-K for soil category D. These observations clearly explain the origin of similarity between the PGA contours for soil C by using A-K amplification factors with those for soil D of NEHRP (in Figure 8 1 and 8 2 ) .
The validity of the estimated strong ground motion values was checked against the only recorded accelerogram of the June 20, 1978 main shock. The recording site (City Hotel) belongs to soil type D (Anastasiadis et al., Figure 9 . Both NEHRP and A-K amplification factors were used in the simulations. As can be seen (Figure 9 ), the simulated and observed values are in good agreement-with the exception of the A-K value at PSA (1.0 sec), which is about half the observed one. In fact, for soil category D the amplification factors proposed by A-K are generally in good agreement with those proposed by NEHRP with a striking exception for low-amplitude shaking intensity (∼ 0.1 g) and long periods (∼1.0 sec) [see Figure 10 of A-K paper]. This observation highlights the difference between the two approaches at PSA (1.0 sec).
Although the comparison between synthetic PGA values and the unique strong motion recording of the 1978 earthquake is rather encouraging, an extensive test of the validity of our simulations is not possible due to lack of data. For this reason, we performed a test to show that the results of our method are compatible with the most recently proposed attenuation relations for Greece. We chose a single rupture initiation point (at the center of the assumed fault model for the 1978 earthquake) and computed synthetics at points at different distances (5-40 km with a step of 5 km) and azimuths (starting from fault normal and using a step of 30
• ). For each point we computed 30 synthetics corresponding to 30 random slip distributions and the used PGA values along each circle to compute a mean PGA on rock, for each epicentral distance (by this we smooth out directivity and radiation pattern effects). These mean ± one standard deviation PGA values are then compared (Figure 10 ) with corresponding values from the empirical attenuation relation of Skarlatoudis et al. (2003) . From the comparison made it is evident that there is a satisfactory agreement between synthetic and empirical PGA for values less than 0.2 g where, as mentioned before, near-field effects are neglected or smoothed. On the other hand, the proposed attenuation relation for the area of Greece was based on a data set that had lack of near field (R < 20 km) recordings for magnitude M6.5. Nonetheless, empirically predicted PGA values even in the near field fall within ± one standard deviation of the synthetics.
Correlation of macroseismic intensity with simulated ground motion
Intensity is a semi-quantitative measure of strong shaking over an area based mainly on the buildings' behavior under seismic excitation due to a certain earthquake. Following the 20 June 1978 main shock, by employing the questionnaire method as traditionally applied in Greece, Leventakis (2003) compiled detailed MSK seismic-intensity maps, with an accuracy of ±0.1. Two maps of equal intensity distribution were proposed, one incorporating all observed average macroseismic intensities (I MSKobs ) and another for normalized ones to six-storey building ones (I MSKnor ). Although the overall features of both maps are similar, there are certain differences resulting from the normalization procedure applied. In the present study, intensities of both maps were compared quantitatively with strong motion values, but qualitative comparisons are shown only for I MSKnor . Figure 11 1 -11 4 show the distribution of macroseismic intensity in MSK scale (Leventakis, 2003) where we superimposed the corresponding distributions of PGA and PSA (for T = 0.2, 0.6, and 1.0 sec) values, amplified according to NEHRP s amplification factors. A good qualitative comparison is visually obtained with higher PGA and PSA values correlating with the higher intensities and vise versa. In the part of the city close to the coast where macroseismic intensities are greater than VII, corresponding PGA values are higher than 0.17 g, whereas at the northeastern part where macroseismic intensities are less than VI corresponding PGA values are mainly less than 0.14 g. Similar qualitative correllation may be seen also for PSA (T = 0.2, 0.6, and 1.0 sec) values.
To make a quantitative comparison between macroseismic intensity and the simulated PGA and PSA (T = 0.2, 0.6, and 1.0 sec), for both NEHRP and A-K amplification factors, we fitted to the data with relations of the form, 
ln(Y
where Y is a dependent variable representing PGA and PSA values and I is the macroseismic intensity. The comparisons are shown in Figure 12 and the parameters are listed in Table III both for I MSKobs and I MSKnor . For values resulting from A-K amplification factors [subscript AK] a good correlation is visually observed only for spectral acceleration PSA(0.6 sec) and PSA(1.0 sec). To the contrary for values resulting from NEHRP's amplification factors a good correlation is visually observed for PGA and all spectral values examined.
To quantitatively check the linear dependence (correlation) of one variable (e.g., PGA) on another (e.g., I ), we test the null hypothesis, H 0 , of zero correlation, i.e. r = 0, where r is the correlation coefficient. We do this by the well-known two-tailed Student's t-test (e.g., Zar, 1984) : where s is the standard error of the correlation coefficient and n is the number of sample pairs. The null hypothesis is rejected (i.e. the two variables are considered to be linearly correlated) if
where t α(2)v is the t-value corresponding to level of significance α(2) (2 stands for two-tailed) and number of degrees of freedom v = n − 2; t α(2)v values are tabulated and can be found in relevant statistical tables. Indeed the qualitatively seen correlation is supported by the t-test results presented in Table IV , with expected for 5% significance level, t 0.05 = 1.98. For values resulting from NEHRP's amplification factors, a satisfactory correlation is observed for all examined ground motions giving high t-test values (Table IV) . To the contrary, results from AK's amplification factors show a satisfactory correlation only for spectral acceleration values PSA (T = 0.6 and 1.0 sec). Figure 12 also indicates that the correlation between PGA, PSA and macroseismic intensity is slightly more robust when the NEHRP amplifications factors are used, compared to those of A-K. Especially for short natural periods (T o ∼ 0 sec, T o = 0.2 sec) the latter do not exhibit any acceptable correlation as it can be also seen from the statistical parameters in Table IV . This difference is partly supported by the A-K result, namely, that amplification factors for soil category C appear to have maximum values from 1.8 to 2.0 for periods 0.2 to 0.4 sec, presenting a noticeable discrepancy from corresponding amplification factors of NEH-RP. According to A-K these differences could be mainly attributed to the coincidence of predominant period of input motion (0.1-0.4 sec) with the soil profile predominant period (0.18-0.6 sec). This may result in 'high' calculated values of site amplification factor for low periods. The coefficient of the Eq. (7) takes higher values at intermediate periods (0.6 sec ≤ T ≤1.0 sec)-almost double-than those at short periods (T ≤ 0.2 sec). That is, the rate of intensity increment with increasing strong ground motion is higher for intermediate period range.
The estimated strong ground-motion parameter values corresponding to NEHRP (1994) amplification factors show satisfactory correlation with observed macroseismic intensity for the entire period range examined. Despite their generic character, the choice of strong ground motion amplification factors proposed by NEHRP is encouraging given that the examined area has been properly classified with respect to soil categories. 
Discussion and Conclusions
We applied stochastic forward modeling using a finite-source model of the 20 June 1978 (M6.5) Thessaloniki (Northern Greece) main shock to simulate ground motion in terms of PGA and PSA (for T = 0.2, 0.6, and 1.0 sec). The ground motion parameters were estimated for rock (soil category B, NEHRP provisions) underlain stiff and soft formations in the metropolitan area of Thessaloniki. For soil category B, PGA values were found to vary between 0.08 and 0.21 g and PSA values between 0.06 g (longer periods) and 0.45 g (shorter periods).
Using amplification factors proposed by NEHPR (1994) and by Anastasiadis and Klimis (2002) , strong ground motion on surface was estimated for soil categories C and D on a grid of 0. Figure 12 . Correlation between macroseismic intensity, I MSK (as shown in Figure  8 1 -8 4 ) and PGA, PSA (for T = 0.2, 0.6 and 1.0 sec). Left panels for amplification factors according to Anastasiadis and Klimis (2002) [AK], and right panels according to NEHRP (1994) . The comparison is given separately for amplification factors by NEHRP (1994) and by Anastasiadis and Klimis (2002) . DF is the degrees of freedom (= 147); r is the correlation coefficient; t is the student's t-test statistics; r (5%) and t (5%) are the corresponding values at the 5% significance level. The subscripts AK and NEH RP denote incorporation of amplification factors by Anastasiadis and Klimis (2002) and by NEHRP (1994), respectively.
calculated from empirical relations proposed for Greece and surrounding area and (b) comparison with the unique accelerogram recorded during the main shock at the City Hotel (in the city center, soil category D). Both approaches showed satisfactory agreement between recorded or empirically calculated with synthetic values. A detailed macroseismic survey for 12 municipalities of the study area, based on a questionnaire method (Leventakis 2003) , provided sufficient number of intensity data (in MSK scale) for correlation with simulated strong ground motion both for NEHRP and A-K soil amplification factors. The resulting relations between the examined strong motion parameters (PGA, PSA) based on NEHRP's amplification factors and macroseismic intensity show satisfactory correlation for the entire spectral content examined. It must be pointed out that the proposed relations are based on rough soil categorization which does not take into account already detected 2D-3D site effects (Raptakis et al. 2004 , Triantafyllidis et al. 2004 or possible non-linear phenomena in certain areas, especially in soil category D. However, the statistical robustness coming up from the data correlation clearly supports the idea that they may be used for prediction of expected damage distribution-in terms of macroseismic intensity-given strong ground motion caused by the occurrence of moderate-to-large events from seismic active faults in the vicinity of Thessaloniki metropolitan area.
We found that the rate of intensity increment with increasing strong ground motion is much higher for the intermediate-period range (0.6 sec ≤T ≤1.0 sec) than for short periods (T ≤ 0.2 sec). Moreover, correlation coefficients (see Table IV ) are also higher for the intermediate-period range. This observation is in good agreement with the fact that the majority of reinforced concrete buildings in Thessaloniki affected by the strong shaking of the 20 June 1978 mainshock, had 6 -9 stories (Penelis et al., 1985) , which-according to simple seismic code approximation T o ≈ 0.1 n(n = number of storey)-corresponds to fundamental periods between 0.6 and about 1.0 sec. The coincidence of the buildings' natural periods with the ground-motion frequency content provides a possible explanation for the observed higher intensity increment in the corresponding period range being due to resonance phenomena.
